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This invention relates to a process and appa-
ratus for the continuous separation of normally
gaseous mixtures into a plurality of substantially
pure fractions through selective adsorption of
such mixtures on substantially compact moving
beds of solid granular adsorbents. This inven-
tion further relates more specifically to an im-
proved selective adsorption process wherein the
moving bed of solid adsorbent is passed through
a substantially vertical column successively
through zones of desorption, heating, sealing, and
cooling, and subsequently through a separatioa

zone wherein the feed gas is contacted with the.

adsorbent and separation into fractions occurs.
The adsorbent removed from the separation zone
is subjected to further rectification and is then
removed from the bottom of the column and
conveyved to the top thereof for recirculation
through the aforementioned zones. This con-
- veyance of adsorbent is accomplished in the
presence of a lift gas which comprises a part of
the most readily adsorbable constituents present
in the gaseous mixture and numerous advantages
result from this improvement. |

Applications, Serial Numbers 90,708 and
80,709 disclose related subject matter.

It is an obiect of the present invention to pro-
vide an improved selective adsorption process
in which the adsorbent removed from the bot-
tom of the column is saturated with the most
readily adsorbable constituents of the gaseous
mixture and is conveyed by means of such con-
stituents as a lift gas to the top of the colummn.

It is also an object of this invention to pro-
vide an improved method for conveying the
adsorbent from the bottom to the top of the
column by means of a lift gas consisting essen-
tially of a mixture of rich gas and of stripping
gas. . *

An additional object of this invention 1is to
improve the selective adsorption process by
reducing the quantity of lift gas required by
employing as a lift gas a fraction of the higher
molecular weight or more readily adsorbable
constituents of the gaseous mixture.

It is another object of the present invention
to provide in the selective adsorption process a
method whereby adsorbed constituents are
desorbed from the rich adsorbent and part of
the thus recovered constituents employed as a
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veyance of cool rich adsorbent in the process.

It is a further object of this invention to
provide an apparatus adapted to accomplishing
the foregoing objects.

- Other objects and advantages of this inven-
tion will become apparent to those skilled in the
art as the description thereof proceeds.

Briefly, this invention comprises an improved
selective adsorption process in which a substan-
tially compact moving bed of solid granular
adsorbent tflows by gravity downwardly through
successive zones of preferential desorption, heat-
ing, sealing, and cooling, and through a sepa-
ration zone as it is passed through the adsorp-
tion column. The adsorbent is withdrawn from
a, point below the separation zone and the cool
rich adsorbent, saturated with the most readily
adsorbable constituents of the feed gas mixture,
is contacted with a cool lift gas confaining the
same constituents. This rich adsorbent is con-
veyed thereby to the top of the column where
the adsorbed constituents are desorbed in the
preferential desorption zone. The separation
zone mentioned above may be modified consider-
ably to contain one or more adsorption and
rectification zones whereby two or three or more
different product gases may be produced or where
one or two different feed gases may be separated
simultaneously. The principal improvement in
this present invention resides in the placing of
the separation zone at the bottom of the column
or more particularly in inserting the adsorbent
conveyance step in the process immediately fol-
lowing the separation step. In this manner
adsorbent saturated with more readily adsorh-
able constituents may be effectively transported
without deleterious effect upon the adsorbeaq
phase with a lift gas consisting essentially of
constituents which are most readily adsorbed.
In this way the greatest gquantity of adsorbent
may be circulated for the smallest quantity of
lift gas without bringing into the process sepa-
rate lift gases comprising constituents not found
in the gaseous mixtures being separated. This is
the principal advantage or characteristic of the
present invention.

The gaseous mixture to be separated is intro-
duced into the separation zone where the ad-
sorbent is enriched with the more readily ad-

high viscosity-high density lift gas for the con- 60 sorbable constituents of the gaseous mixture
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forming a rich adsorbent which
& primary rectification zone. Herein it is con-
tacted with a portion of a rich gas reflux which
is also employed.as the lift gas to form a rectified
adsorbent. This adsorbent passes from the bot-
tom of the column where it is contacted by a
rich gas lift medium and is introduced thereby
into the preferential desorption zone situated at

the top of the column. Herein the preferential

adsorption of a stripping gas causes desorption

passes through

10

of these constituents from the adsorbent to form .

a rich gas product a portion of which is used as

the rich gas. The partially stripped adsorbent
thus formed passes downwardly through the
heating zone wherein the adsorbent temperature

" is raised and the adsorbent is countercurrently
contacted with further quantities of stripping gas
introduced at a point below the heating zone.
The hot lean adsorbent passes from the heating
zone through a sealing gas removal zone con-
currently with part of the stripping gas and
then into an indirect cooling zone. The purge
gas, comprising a fraction of the lean gas prod-
uct and containing the least readily adsorbable
constituents of the gaseous mixture, passes up-
wardly through the cooling zone countercurrent
to the downwardly flowing lean adsorbent there-
in. This purge gas serves to remove traces of
stripping gas adsorbed on the adsorbent and also
to prevent that portion of the stripping gas en-
tering the sealing gas removal zone from passing
into the cooling zone wherein it would rapidly be
adsorbed and condensed thereby seriously effect-
ing the adsorbent flow characteristics. A miXx-
ture of stripping gas and purge gas is formed in
the sealing gas removal zone and this seal gas is
removed therefrom at such a rate as to maintain
a pressure within the seal gas removal zone
which is somewhat less than either pressure ex-
isting in the heating and cooling zones. By this
method the stripping gas present in the heating
zone is prevented from deleteriously affecting the
adsorbent flow characteristics in the cooling
zone and the purge gas passing through the cool-
ing zone is prevented from entering and contam-
inating the rich gas product removed from the
heating zone. |

The effective sealing of the gases in the heat-
ing zone from those in the cooling zone is one of
-the principal advantages of the present inven-
tion. The circulation of the adsorbent through
the process by means of a lift gas consisting of
those constituents which are last to be desorbed
at the highest temperature of the adsorbent is

another advantage of the process. A third ad- !

vantage of the process exists in the conveyance
of adsorbent which is at a moderate tempera-
ture of the order of 100° F. to 200° F. and the
recirculation of a lift gas of considerably in-
creased density and viscosity and consequently
greater suspending powers for the adsorbent,
and the simplification of blowing apparatus re-
quired for recirculation of low temperature lift
gas in the system. There are other advantages
that will become apparent to those skilled in this
art as the description and illustration of the
present invention further proceeds.
,  To facilitate illustration of the present inven-

tion and the description of the process and ap-
paratus thereof a drawing is included in which a
combination schematic flow diagram of the im-
proved selective adsorption process and a verti-
ca] cross section elevation of the improved se-
lective adsorption column is shown.

Referring now more particularly to the draw-
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ing, selective adsorption column 10 is provided
at successively lower levels therein with elutria-
tion zone {1, preferential desorption or steaming
zone 31, indirect heating zone or stripper 32,
stripping gas engaging zone 33, seal gas removal
zone 180, indirect cooler 12, zone (3, lean gas dis-

engaging zone 14, secondary adsorption zone 18§,
secondary feed gas engaging zone (6, first side

cut rectification zone {71, first side cut gas dis-
engaging zone 8, second side cuf rectification
zone (9 which may be also termed “first side cut
desorption zone 19,” second side cut disengaging
zone 20, second side cut desorption zone 21, pri-
mary reflux gas engaging zone 22, column di-
vider 23, secondary feed disengaging zone 24, pri-
mary adsorption zone 28, feed gas engaging zone
26, primary rectification zone 21, primary re-
flux gas disengaging zone 28, secondary rectifi-
cation zone 2%, rich gas disengaging zone 38,
feeder zone 34 and bottom zone 385. That por-
tion of column 10 included between zone 13 and
rich gas disengaging zone 3§ may be termed the
separation zone in which the modification shown
in the drawing is one of several to be subse-
quently described. That part of the separation
zone between zone 13 and column divider 23 is
known as a side cut gas zone or the secondary
separation zone while the remaining part of the
separation zone between column divider 23 and
disengaging zone 30 is known as a feed gas zone
or primary separation zone in the modification
shown. In the separation zone shown on the
drawing, two separate and individual streams of
granular adsorbent are employed, one each pass-
ing through the primary and secondary separa-
tion zones. The adsorbent passing from zone 13
1s divided into these two streams which are sub-
sequently combined as they pass through zone
28 into secondary rectification zone 29. ¥rom
this point the adsorbent is conveyed to the top of
the column where it is heated to effect desorption
of the rich gas, passed through a sealing zone
from which a seal gas is removed, then passed
through a cooling zone to form a cool lean ad-
sorbent which is then passed directly into the
separation zone. |

In bottom zone 35 an accumulation of adsorb-
ent 35 is maintained by the cooperative action of
level control 38 and control valve 38 whereby
transfer line 40 is maintained full of flowing ad-
sorbent. In another modification transfer line
40 may be maintained only partially full of flow-
ing adsorbent so that part of the lift gas may
pass directly from zone 41 into bottom zone 35.
Leve] control 39 may also be situated in bottom
zone 3%. The adsorbent passes from accumula-
tion 36 via transfer line 40 into induction zone 41.
A 1lift gas is introduced under pressure exerted
by lift gas blower 44 via line 45 controlled by
valve 46 under the action of flow recorder con-
troller 47 into lift gas inlet zone 48 of induction
zone 41. The lift gas passes upwardly through
solids inlet zone 49, picking up the adsorbent,
forming a suspension and passes via lift line 58
into impactless separator 51. Herein the adsorb-
ent suspension is broken and the adsorbent and
lift gas pass as substantially independent phases
through transfer line 52 to collect in the upper
portion of column 10. The lift gas passes from
column (0 via line 53 controlled by valve 53a
into separator 54 wherein suspended adsorbent
fines elutriated from the adsorbent in zone {{
are separated to be removed via line 385 c¢on-
trolled by valve 5b6. The fines-free lift gas then
passes via 1lift gas return line §7 to the suction.
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iniet of blower 44 for recirculation. Accumula-
tions of lift gas in this cycle may be withdrawn
continuously via line 58 controlled by valve 59
into rich gas product line 81. Preferably, this
gas is combined with the rich gas product by
passing it through line {01 controlled by valve
132 through feeder zone 34 and an additional
quantity of adsorbent into rich gas disengaging
zone 30. |

Provision is made in the present rrocess for
the removal of stripping gas, which usually com-
prises steam, from the recirculating lift gas
stream wherein rich gas alone is desired for &
lifting medium. To accomplish this a portion
of the lift gas passing through lift gas return
line 57 is passed via line 125 controlled by valves
126 and 127 into cooler 128. The cooled gas and
any condensate then passes via line 129 into sep-
arator 130 in which condensate is separated from
the rich gas. The thus treated rich gas is then
passed via line {3! controlled by valve 132 into

lift gas return line 57 on a down stream side of

valve 127 and a steam-free rich gas recycle for
lifting the adsorbent results. Under these condi-

tions, the stripper 32 is operated so that substan-

tially all the stripning steam passing upwardly
therethrough it adsorbed before reaching elutri-
ation zone fU. |

During operation, it is desirable to remove ac-
cumulations of high molecular weight constitu-
ents from the carbon such as are formed by
polymerization of acetylene and the like or com-
ponents such as normally liquid hydrocarbons
present in the feed gas since these decrease the
adsorptive capacity as activity of the carbon. To
accomplish this about 5% or so of the carbon cir-
culated is removed from transfer line %2 by means
of line 62 controlled by valve 63 and is passed
through a high temperature reactivator in which
the carbon is contacted with steam while being
heated to a temperature of from 500° F. to 2000°
F. or higher. The desorbable materials are re-
moved from the carbon at the lower reactivation
temperatures and may be combined with the rich
gas product. For desorption of high molecular
weight constituents the reactivator operates at
about 1000°=1100° ¥. which is just below the car-
bon gasification temperature. When the char-
coal activity is lowered to less than a desirable
value, the reactivator temperature is increased to
1700°-1800° P. for a sufficient period of time to
restore the desired activity or adsorptive capacity
of the charcoal and then returned to 1000°-
1100° F. A preferential water gas reaction oc-
curs at the higher temperatures whereby the
higch moleculr weight nondesorbable hydrocar-
bons are converted to carbon monoxide and hy-
drogen leaving the carbon in a reactivated state.
It is then combined via line 64 controlled by valve
65 with carbon flowing via transfer line 40 into
lift line 50. |

The description of the apparatus of this in-
vention and the process involved in separating a
gaseous mixture thereby into four substantially
pure fractions, including ethylene and propylene
concentrates, may be more readily understood
from the following description which is in the
form of a practical example. Although the ex-
ample is directed to the separation of hydrocar-
bon gases, the process is not to be considered as
limited only to the separation of such gases since
the description is merely an illustration of the
operation whereby two rectified and substantially
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per hour.

pure heart cut or side cut fractions are obtained.

EXAMPLE I

A selective adsorption column 12.0 feet in di-
ameter and designed dccording to the accom-
panying drawing utilizes a circulation of activated
vegetable charcoal amounting to 330,000 pounds
| The charcoal has a mesh size range
of 12 to 20. The charcoal circulation 1s divided
into two streams at zone (3 and 230,000 pounds
per hour pass directly into secondary adsorption
zone 19 for passage through the secondary sep-
aration zone and the remaining 100,000 pounds
per hour pass downwardly through and inde-
pendent of the secondary separation zone
through conduit 66 for introduction into primary
adsorption zone 25 and subsequently through the
primary separation zone. The feed gas, a
cracked petroleum hydrocarbon gas mixture flow-
ing at a rate of 2141 pound mols per hour, has
the following composition:

TABLE 1

Feed gas composition

Constituent: Mol per cent
Hydrogen wceececcccecc e 1'71.86

" Methane .o e 40.11
Ethylene o e 9.15
Bthane .o 24.88
Propylene . 2.42
Propane _ .o 4.13
Butenes - oo 0.34
Butanes e 0.65
578 e e e e e e e e e 0.21
Gt e ———— 0.25
Total e 100.60

The feed gas is introduced at a pressure of 150
pounds per square inch gauge via line 67 at a
rate of 2141 pound mols per hour controlled by
valve 68 into feed gas engaging zone 26. It con-
tacts 100,000 pounds per hour of activated car-
bon in primary adsorption zone 25 wherein the
C3 and higher molecular weight hydrocarbons
are adsorbed together with a small proportion of
Cz2 and lower molecular weight hydrocarbons to
form a rich charcoal. In primary adsorption
zone 25 a C2-C3 separation is made in the pres-
ence of Ci: hydrocarbon which has been found to
facilitate the separation by reducing the char-
coal rate required. The Cz and lower molecular
weight constituents remain substantially unad-
sorbed as a secondary feed gas and are removed
from secondary feed disengaging zone 24 and
passed via line 69 controlled by valve 78 into sec-
ondary feed engaging zone 16 in the secondary
separation section. The treatment of the rich
charcoal formed in primary adsorption zone 2%
will be subsequently described.

Valve 70 controlling the rate of secondary feed
introduction is actuated by differential pressure
controlier 71 to maintain a constant differential
pressure between disengaging zone 24 and en-
gaging zone 16. The secondary feed, comprising
substantially all the C: and lower molecular
weight constituents, is countercurrently con-
tacted by 230,000 pounds per hour of carbon in
secondary adsorption zone 15. The C:-C2 hy-
drocarbon separation is effected here in the ab-
sence of the Cs; hydrocarbons which were ad-
sorbed and removed from the gas stream during

passage through primary adsorption zone 29§,
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The C: hydrocarbon fraction together with a
small quantity of C: hydrocarbon is adsorbed In
secondary adsorption zone {5 to form a second
rich charcoal and the major proportion of hy-
drogen and C: hydrocarbon is substantially un-
adsorbed. This gas accumulates in lean gas dis-
engaging zone 14 and a lean gas product stream

is removed therefrom via line 12 at a rate con-
trolled by valve T3 which in turn is actuated by
temperature recorder controller 74 having ther-
mocouple point 15 in contact with the adsorbent
in zone 15. The lean gas product flows at a rate
of 1241 pound mols per hour, is sent to storage
or further processing facilitiess not shown by

means of line 16, and has the composition given
below: -
TABLE 2
Lean gas product composition
Constituent: Mol per cent
Hydrogen v . 30.81
Methane e 69.03
Ethylene e e 0.06
‘Ethaine ____________________________ 0.10.
Total o o 100.C0O

If desired, a Ha-C: separation can be made in
secondary adsorption zone 15 whereby the lean
gas product comprises substantially pure hydro-
gen. Such a separation requires a scmewhat
higher charcoal rate in the secondary separation
zone since the Ci hydrocarbon is adsorbed along
with the C2 hydrocarbons from the hydrogen.

A portion of the unadsorbed gas passes up-
wardly from lean gas disengaging zone (4 as a
purge gas through zone 13 and through the tubes

2,630,008
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- TasrLx 3
. First side cut gas composition

. Constituent: Mol per cent
Methane .o oo e . 029
Ethylene o 26774
Ethabe .. e 12,717
Propylene e e 0.09
Propane .__ . ________ 011
Total 100.00
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20

zone 19, from which the Cz hydrocarbons have
been desorbed and which contain only C: hydro-
carbons substantially uncontaminated by higher
or lower molecular weight constituents, passes
downwardly .into second side cut desorption zone
2i. A primary reflux gas containing Cs and
Cs+<4 hydrocarbon constituents formed in second-
ary rectification zone 29, as hereinbelow more
fully described, passes via line 88 at a rate con-
trolled by valve 8f and actuated by temperature

- recorder controller 82 into primary reflux gas

34}

of cooling zone 12 countercurrent to the down-

flowing adsorbent. Here the purge gas strip re-
maining traces of s.ripping gas from the ad-
sorbent which is simultaneously saturated with
lean gas and the heat of adscrption is dicsipated
as it is generated. This purge gas en-ers seal
gas removal zone 100 wherein it mixes with a

portion of the stripping gas entering from the

- heating and stripping zones above to form a seal
* g&Ss. This is removed via line 1808 and disposed

of as described below.
The second rich charcoal formed in second-

ary adsorption zonz (8§ passes downwardly into ;

first side cut rectifica‘ion zone 7. Herein the
charcoal is contacted with a reflux gas compris-
ing substantially pure C2 hydrocarbons. A pref-
erential desorption of adsorbed C: hydrocarbon

results, the desorbed Ci hydrccarbon passing up- ;

wardly to combine with the lean gas product end a
second partially rectified charcoal substantial'y
free of C: and lower molecular weight constituen's
is formed. This charcoal passes downwardly into
second side cut rectification zone 18 wherein t-e
second partially rectified charcoal is contacted
by a countercurrent flow of C: hydrccarbon re-
flux. The preferential desorption of C: hydro-
carbons by the C: hydrocarbons is herein ef-
fected. Part of the Cz hydrocarbons is employed
as above described as the Cz refiux in first side
cut rectifica’ion zone 17T and are eventually re-
moved with the remaining part of Cz hydrocar-
bons from first sid= cut disengaging zone 18 via
line 17 controlled by valve 18 in turn regulated
by back pressure recorder controller 78. Tae
Arst side cut gas product passes via line 171 at a
rate of 730 pound mols per hour to further proc-
essing facilities or storage not shown and has

the foliowing composition;
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engaging zone 22. This gas passes upwardly
countercurrent to the partially rectified char-
coal present in second side cut desorption zone 21
to preferentially desorb the Cs constituents while
adsorbing the C:4 hydrocarbon consticuents.
The thus desorbed Cs’s are partially employed as
the aforementioned C; reflux in second side cut
rectification zone 18 and the remainder is re-
moved from second side cut disengaging zone 28
via line 83 at a rate controlled by valve 84 and
temperature recorder controller 85 at a rate of 140
pound mols per hour. This second side cut gas

| product has the following composition;

TABLE 4

| Second side cut gas composition
Constituent: Mol per cent
Ethylene __ e 0.07
Ethane e 0.13
Propylene o o e e 36.66
Propane ... e 62,64
ButeneS o e 0.20
Butanes .. 0.30
Total o 100.00

The second rectified charcoal, substantially
saturated with C« and higher molecular weight
hydrocarbons are substantially free of Cz hydro-
carbons, passes downwardly through primary
reflux gas engaging zone 22, through and inde-
pendent of the primary separation zone via con-
duits 86, and into secondary rectification zone
29 wherein it is combined with charcoal flowing
through primary reflux gas disengaging zone
28 from the primary separation zone.

The rich charcoal present in primary adsorp-
tion zone 2§ contains C:z and higher molecular
weight hydrocarbons together with a small pro-
portion of C2 and lighter constituents. It passes
into primary rectification zons 27 wherein the
charcosal is contacted by a countercurrent flow of
part of the aforementioned primary reflux gas.
The Cz and lighter molecular weight constituents
are preferentially desorbed to form a first par-
tially rectified charcoal. 'This charcoal is com-
bined with that removed from the bottom of the
secondary separation zone and introduced direct-
ly into secondary rectification zone 29. Herein
the partially rectified carbon is contacted with
a countercurrent flow of rich gas reflux contain-

ing Cs and higher molecular weight hydrocare
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bons. A preferential desorption of substantially
all of the C3; hydrocarbons is effected forming a
gas containing C; hydrocarbons as the lowest
molecular weight constituents and also contain-
ing some Cs and higher molecular weight consti-
tuents. This gas is the primary reflux gas and
Is introduced via line 80 into zone 22 as above
‘described.

The rectified charcoal removed from the bot-
tom of secondary rectification zone 29 passes
through rich gas disengaging zone 308 and ulti-
mately through feeder 34 into bottom zone 33.
This rich adsorbent is removed via transfer line
40 and is conveyed by means of a rich gas lift
medium to the top of the column for recircu-

lation ftherethrough in the manner described

above.
The rectified charcoal is thus introduced into

preferential desorption zone 3i. Herein the rec-
tifled charcoal is contacted with g countercurrent
flow of steam which is preferentially adsorbed
at the temperature of fhe carbon causing an
immediate desorption of the major proportion
of the Ci: hydrocarbon constituents as well as
a partial desorption of the higher molecular
weight constituents leaving a partially stripped
charcoal. The thus desorbed gases pass up-
wardly into elutriation zone I{ from which they
are removed for recirculation as the 1lift gas
as above described. The constituents thus de-
sorbed form the rich gas product which may be
conveyed via line 58 to condenser 80 but prefer-
ably are passed via line 101 from the lift gas
recycle stream through the bottom of the column
to rich gas disengaging zone 30. The desorbed
gases are partly introduced into secondary recti-
fication zone 29 as reflux to be preferentially
adsorbed therein while the remainder is removed
via line 87 controlled by valve 88 which in turn
is actuated by temperature recorder controller
83. The rich gas is introduced into cooler 80
wherein the stripping steam is condensed. The
condensate is separated from the cooled rich gas
in separator 91 from which it is removed via
line 82 controlled by valve 83 under action of
liquid level controller 94. The rich gas product
from which the major proportion of stripping
gas has been removed passes from separator 94
via line 95 controlled by valve 96. |

- The partially stripped charcoal, saturated with
stripping steam, passes from preferential desorp-
tion zone 31 downwardly through the tubes of
indirect heater 32 through which an upward
flow of stripping gas is maintained. Stripping
steam 1is introduced into stripping gas engaging
zone 33 via line {03 controlled by valve 104, a
portion of which passes downwardly concur-
rently with the charcoal into seal gas removal
zone {00 while the major proportion passes up-
wardly through the tubes of indirect heater 32
to be mostly adsorbed in zone 31. The tempera-
ture to which the carbon is heated during pas-
sage through stripper 32 is between 500° F. and
600° .- Here substantially all of the adsorbed
Cs+ hydrocarbons are removed from the adsorbent
and are ultimately combined with the rich gas

product. -
These temperatures are insufficient to remove
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"adsorbed Cs and Cs hydrocarbons adsorbed on

the carbon. To effect the removal of these higher
molecular weight hydrocarbons and to reactivate
the carbon by removing traces of nondesorbable
constituents, a small portion of the circulating
charcoal stream is conveyed via line 62 and 64
through a reactivator, not shown, but described

[,

10

above. The steam plus desorbed hydrocarbons
are removed from the reactivator at about 1000°
F. and are passed through a cooler in much the
same way as the rich gas removed from the
stripper 32. Hydrocarbon constituents are thus
separated from the stripping gas by condensation
and/or decantation and are combined with the
rich gas removed via line 95 from separator 91.
The combination of the thus desorbed higher
molecular weight hydrocarbons comprises the
rich gas product in this particular operation.
These constituents are produced at the rate of 30

pound mols per hour and have the following

composition:
‘TABLE 5 _
Rich gas product compos_z’tion'

Constituent: Mol per cent
C3S e ——— e 0.20
S e ———————— 06.74
5’8 e e ———— 15.18
8 e e ————— 17.88
Total — e e e 100.00

Seal gas removal zone 100 is provided with a
series of tubes 103 through which the adsorbent
flows. The purpose of these tubes is to provide a
resistance to the flow of stripping gas so that the
major proportion thereof will pass upwardly into
heating zone 32. The flow of the minor propor-
tion of stripping gas downwardly through tubes
105 prevents the upward flow of purge gas into
heating zone 32 which would otherwise con-
taminate the rich gas product. A mixture of
stripping gas and purge gas thus formed com-
prises the seal gas and is removed from zone 100
via line 186 controlled by valve 10T which passes
through cooler 108 and subsequently into sep-
arator 109. Herein the stripping gas is con-
densed and the purge gas constituents are re-
moved via line {10 controlled by valve 11 and
may subsequently be combined with the lean
gas by introduction through line 60. The con-
densed stripping steam Is removed from sepa-
rator 109 via line 112 controlled by valve 113
which is actuated by level controller f14.

From seal gas removal zone 100 the hot
stripped adsorbent passes directly into cooler 112
wherein the adsorbent is cooled indirectly in the
presence of a countercurrent flow of purge gas
which strips remaining traces of adsorbed steam
from the adsorbent.

The cool lean adsorbent thus formed is intro-
duced through zone 13 directly into the separa-
tion zone which is described above.

The lean gas product contains only 0.16% im-
purities and comprises 99.84% of a mixture of
hydrogen and methane. The first side cut is a
99.51% pure C2 hydrocarbon consisting approxi-
mately of 25% ethylene and 76% ethane. The
second side cut comprises a 99.30% pure C3 hy-
drocarbon fraction containing over 30% propyl-
ene. The unusually high purity of these frac-
tions is attributed to the manner in which they
are separated from the feed gas, the separation
of C: from C: hydrocarbon in the absence of Cs
hydrocarbons, the separation of Cz2 and Cs hydro-
carbons in the absence of C: hydrocarbon, and
the utilization of a rich gas product as the lifting
medium.

EXAMPLE II

As an example of previous operation in the
separation of this gaseous mixture wherein the

C3 and Cs hydrocarbons are separated as g rich
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gas, the C2 hydfocarbons are separated as a single

side cut gas and the methane and hydrogen are

separated as a lean gas product, a charcoal rate
of between 360,000 and 370,000 pounds per hour
is required. Further between 25% and 30%
more lift gas circulation is required in lifting the
same amount of charcoal with hot lift gas com-

pared to the process of the present invention.

12

rectifled adsorbent passes into the heating zone
and the rich, gas product is desorbed. In this
modiﬂcatioq a8 feed gas introduced into the sec-
ondary separation zone is separated into two
fractions in addition to the rich gas product. It
is of interest to note that this side cut operation

- may be carried on simultaneously with a simple

Thus the improved separation by means of the -

process above described is at once apparent,

The foregoing examples have shown the use
of a separation zone which is complex In ar-
rangement to permit the production of four sub-
stantially pure fractions. However, the process
of this' invention may be modified to effect
simplification of the separation zone whereby two
or only three products are prepared from the
gaseous mixture.

EXAMPLE III

In one modification of the separation zone a
single stream of adsorbent is employed which
passes successively throucgh one adsorption zone
and one rectification zone. In this instance the
feed gas may be introduced via line 67 into pri-
mary adsorption zone 25 and with valve 10 closed,
the lean gas is removed via line 1195 controlled by
valve 116. With valve 81 closed zones 27 and 29
comprise a single rectification zone wherein the
rich adsorbent is rectified to free it of less readily
adsorbable constituents. The rectified adsorbent
is subsequently treated as above described to pro-
- duce a rich gas product therefrom. In this modi-
fication the entire upper portion of the separation
zone is not used and valves 25, 18, 13, 18, 81, 84,
{18 and 120 are closed. Valves may be also pro-
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- separation of feed introduced via line 67 into the

primary separation zone. Thus two feed gases
may bhe processed simultaneously In a single
column permitting unusual flexibility of opera-

- tion in the separation of feed gases having com-
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vided in lines 86 to prevent movement of adsorb- -

ent through the secondary separation zone. The

rich gas product is employed for adsorbent

conveyance, |
EXAMPLE IV

A similar operation may be carried out in the
upper portion of the colulnn separately or simul-
taneously with the operation described in Ex-
ample IIT by introducing a feed gas, which may be
different or the same as the feed gas introducad
below in the primary separation zone descrined
in Example 111, via line 11T controlled by valve
18 into engaging zone [6. A lean gas i1s removed
as in Example T from zone {4 gnd the rich ad-
sorbent subsequently passes into zone {1 for rec-
tification or directly through zones {1, 19, and 21
into primary rectification zone 29. Thus in the
apparatus shown on the drawing two simul-
taneous simple separations may be made. This
modification is particularly adaptable to tnc
separation of two gases containing the same more
readily adsorbable constituents so that from the
two feed gases, one rich gas product is prepared
and two or more lighter lean gas products.

EXAMPLE V

In addition to the simple separation, where two
products only are produced, provision may be

made in the secondary separation zone for the
production of one or more side cut products. In
this case the feed gas is introduced via line {11,
the lean gas is removed as before via line 12, the
rich adsorbent is rectified with a side cut gas re-
flux in zone {1, rich gas reflux is introduced via

line 88 into zones 19 and 21 which act in this .

modification as a single rectification zone wherein
valve 84 is closed, the side cut gas constituents
are desorbed and removed via line T1, and the
rectified adsorbent passes via lines 86 into pri-
mary rectification zone 29. ¥rom here the rich

40

positions which vary with time.
EXAMPLE VI

Another modification of the separation zone
permits the production of a single rectified side
cut in addition to the lean gas and rich gas prod-
ucts. In this modification the feed gas enters

zone 16 via line (1T and contacts one stream of
ad=orbent flowing through secondary separation

zone and a lean gas product is produced via line
12. Valves 68, 70, 18, 81, 84 and 120 are closed.
The rich adsorbent thus formed passes vig lines
86 into rectification zone 29 wherein it is contact-
ed with a rich gas reflux and constituents present
in the side cut gas are thereby desorbed. Zones
25 and 21 are in this case a single rectification
zone, zones {1, 19, and 21 are not used, and the
rectified side cut is removed via line {15 con-
trolled by valve t16. Thus the feed gas is con-
tacted with a first portion of the adsorbent and
a second portion of adsorbent is employed to
adsorb the more readily adsorbable constituents
from a gas desorbed from the combined stream
of adsorbent leaving a rectified side cut from
which both less readily and more readily adsorb-
able constituents have been substantially com-
pletely removed.

EXAMPLE VII

In a further modificaton of the separation zone
two individual streams of adsorbent are employed
as In BExample VI except that a primary and a
secondary reflux gas are employved. The feed
gas is introduced via line {17 into zone 16 to
contact a first adsorbent stream. The lean gas
product is removed via line 72. Valves 18 and 84
are closed making zones (71, {9 and 21 a single
rectification zone into which a primary reflux is
introducted via line 80. The combined adsorbent
is treated in zone 239 by a rich gas reflux from
which the primary reflux is desorbed. Valves 68
and 116 are closed and part of the primary reflux
passes into zone 27 to contact the second adsorb-
ent stream wherein the side cut gas 1s desorbed
and more readily adsorbable constituents are
adsorbed. The side cut gas product is partly in-
troduced into zone 25 wherein a secondary reflux
gas is desorbed and which is conveyed via line &9
to the feed gas inlet in line (171 while the re-
mainder of the side cut gas product passes via
Iine 19 controlied by valve 120 to production.

In each of the foregoing examples the same
manner of treating the rich adsorbent to desorb
the more readily adsorbable constituents is em-
ployed and a portion of the thus desorbed rich
gas constituents is employved for conveying the
cool rich adsorbent saturated with more readily
adsorbable constituents from the bottom to the
top of the column. Thus, in the described modi-
fications of the present invention a material ad-
vantage results in the utilization of a portion of
the rich gas product as the lift gas. The lift
gas thus employed is cool and has a higher
density and a higher viscosity than any gas pro-
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duct removed as a product from the gaseous mix-
ture being separated. This increases the lifting

properties of the lift gas permitting lower veloc-
ities of gas in lift line 59, decreased charcoal at-

trition rates, and increased charcoal-iift gas
ratios as well as materially simplifying the con-
struction of the lift line and lift gas blowing ap-
paratus. 'Thus, in all the described modifications

of the separation zone the same advantages are

realize@ which are due to employing a rich gas
lift medium and to operating the heating, sesal-
ing and cooling zones in sequence within the
column as described. The variation in the sepa-
ration zone enables a gaseous feed mixture to be
separated into a number of different fractions,
It is to be understood, however, that the spe-
cific separations of hydrocarbon gas mixtures
used in the previous example, is used here only
in the purposes of clear description and that
this invention of an improved apparatus and
process for the separation by selective adsorption
of gaseous mixtures applies equally well to other
hydrocarbon or nonhydrocarbon gaseous mixX-

tures.
For application to the selective adsorption

process as herein described, granular adsorbents

ranging from 12 to 20 mesh in size 1s preferred.
However, other ranges of particle size such &S
from 10-30 are applicable. In som2 specific ap-
plications, granules as large as about twu mesh
are applicable and in certain other specific in-
stances powdered adsorbents may bke applied
having small granules as fine as about 100 mesh
or finer. Of the various adsorbents which are
applicable for use in the selective adsorption
process as herein described, it is preferable to
employ activated granular charcoal and particu-
larly an activated vegetable charcoal with
oranules of from 12 to 20 mesh in size. Other
adsorbents such as silica gel, activated aluminum
oxide, activated bauxite, animal and mineral car-
bons, and various adsorbents prepared from iron
and chromium oxides, and others are applicable.

A particular embodiment of the present inven-
tion has been hereinabove described in consider-
able detail by way of illustration. It should be
understood that various other modifications and
adaptations thereof may be made by those skilled
in this particular art without departing from the
spirit and scope of this invention as set forth in
the aprended claims.

I claim:
1. A prooess for the separation of a gaseous

mixture which comprises contacting said gaseous
mixture in an adsorpticn zone with a moving
bed of solid granular adsorbent forming a rich
adsorbent containing the more readily adsorbable
constituents and leaving a substantially unad-
sorbed lean gas containing the less readily ad-
sorbable constituents, contacting said rich ad-
sorbent with a rich gas reflux to desorb less read-
ily adsorbable constituents therefrom forming a
rectified adsorbent, conveying said rectified ad-
sorbent in a lift gas comprising constituents of
said rich gas to a heating zone, heating said rich
adsorbent and stripping the remaining rich gas
constituents therefrom forming a lean-adsorbent,
cooling said lean adsorbent and passing the same
into said adsorpticn zone to contact further quan-
tities of said gaseous mixture.

2 In a continuous adsorption process in which
& substantially compact moving bed of adsorbent
is circulated through a column, a feed gas is con-
tacted with said adsorbent thereby adsorbing
more readily adsorbable constituents forming a
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rich adsorbent, the adsorbed constituents are de-
sorbed from said rich adsorbent as a rich gas
product and the lean adsorbent remaining is re-
circulated to contact further quantit'es of said
gaseous mixture, the improvement which cocm-
prises removing rectified adsorbent from the bot-
tom of said column after passage through a recti-
fication zone, contacting said rectified adsorbent

with a rich gas whereby said adsorbent is con-

veyed to the top of said column, introducing the
thus conveyed adsorbent into a heating zZone to
strip remaining rich gas constituents therefrom,
recirculating said adscrbent to contact further
quantities of said gaseous mixture and recircu-
lating a portion of said rich gas to convey further
quantities of said rectified adsorbent.

3. A process according to claim 2 wherein said
rich gas employed in conveying said rectified ad-
sorbent comprises a gas consisting essent ally of
constituents which are t..e most readily adsorb-
able constituents in said gas:=ous mixture.

4. A process according to claim 2 wherein a
portion of said adsorbent circulating through
said column is separated and passed through a
reactivation zone, residual adsorbed counstituents
are removed from the adscrbent raising its ad-
sorptive activity and the reactivated adsorkent is
returned to the recirculating stream of adsorbent.

5. A process according to claim 2 in combina-
tion with the steps of separating a portion of ad-
sorbent from the main stream recirculating
through said column, passing this portion through
g reactivation zone, heating the adsorbent dur-
ing passage therethrough to reactivation tem-
peratures to remove residual adsorbed materials
forming a reactivated adsorbent and returning
the reactivated portion to the main rec:rculating

adsorbent stream.

6. A process according to c¢laim 5 wherein the
adsorbent comprises activated charcoal, said re-
activation temperatures lie between about 500° P,
and 2000° F. and said reactivation is conducted in
the presence of steam. |

7. A process according to claim 6 wherein the
temperature of said reactivation is alternately
maintained between about 500° F. and 1100° F, to
strip adsorbed constituents from the reactivating
charcoal and between about 1000° F. and 2000° F,
to convert nondesorbable constituents to carbon
monoxide and hydrogen to maintain the ad:orb-
ent in a reactivated state.

8. In a gas separation process wherein a mov-
ing bed of solid granular adsorbent is passed
downwardly by gravity through a vertical column
containing a desorption zone, a sealing zone, a
cooling zone and an adsorption zone, the gaseous
mixture to be separafed is passed countercurrent-
ly through said adsorption zone to form a rich
adscrbent and an unadsorbed lean gas, said rich
adsorbent is subsequently indirectly heated in said
desorption zone in the presence of a stripping gas
to remove adsorbed constituents leaving a hot
lean adsorbent, and the hot lean adsorbent is
cooled prior to being reintroduced intc said ad-
sorption zone, the improvement which comprises
rassing said hot lean absorbent concurrently with
part of said stripping gas from said desorption
zonte through said sealing zone, subsequently pass-
ing the adsorbent through a cooling zone coun-
tercurrent to part of said lean gas to form a cool
lean adsorbent, removing said part of said strip-
ping gas and said part of lean gas as a seal gas
from said sealing zcne, passing said cool Jean ad-
sorbent through said adsorption zone, contacting
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said adsorbent with said gaseous mixture to form
a rich adsorbent, contacting said rich adsorbent
with a stripping gas to desorb part of the more
readily adsorbable constituents thereby forming a
partially stripped adsorbent, contacting said par-
tially stripped adsorbent with a rich gas contain-
ing the more readily adsorbable constituents of
said gaseous mixture, and thereby conveying said
partially stripped adsorbent to the top of said
column for passage through sald heating zone
and the subsequent zones named.

9, In a gas separation process wherein a gas-
eous mixture is contacted with a moving bed of
solid granular adsorbent leaving an unadsorked
lean gas and forming a rich adsorbent, the rich
adsorbent is heated in the presence of a stripping
gas forming a rich gas product and a hot lean
adsorbent, the hot lean adsorbent is cooled In
the presence of a portion of said lean gas, and
“the cool lean adsorbent is employed to contact
further quantities of said gaseous mixture, the
improvement which comprises passing a moving
bed of adsorbent by gravity through a vertical
column containing a heating zone, a seal gas re-
moval zone, a cooling zone, a separation zone
and .a rectification zone, removing a portion of
said stripping gas and a portion of said lean gas
as a seal gas from said seal gas removal zone, re-
moving rectified adsorbent from said rectification
zone at the bottom of said column, and convey-
ing the rectified adsorbent therefrom to the top
of said column as a suspension in a portion of
said rich gas product as a lift gas which con-
tains the constituents of said gaseous mixture
having the higher degrees of adsorbability.

10. In a process for separating a gaseous mix-
ture by selective adsorption of more readily ad-
sorbable constituents on a solid granular ad-
sorbent leaving less readily adsorbable constitu-
ents as a3 substantially unadsorbed lean gas, re-
covering adsorbed constituents as a rich gas from
said adsorbent, and employing the adsorbent in
8 vertical column as a recirculating moving bed,
the improvement{ which comprises passing the ad-
sorbent successively by gravity through a prefer-
ential desorption zone, a heating zone, a sealing
gas removal zone, a cooling zone and a separation

zone immediately prior to removing said adsorb-

ent from said column, passing part of a stripping
gas from said heating zone concurrently with
sald adsorbent into said seal gas removal zone,
passing part of said lean gas countercurrent to
said adsorbent through said cooling zone into said
seal gas removal zone, removing the seal gas mix-
ture thus formed from said seal gas removal zone,
and conveying the adsorbent removed from said
separation zone to said preferential desorption
zone in the presence of a pcrtion of the rich gas
product and part of said stripping gas.

11. A process for separating a gaseous mixture
which comprises passing a moving bed of ad-
sorbent by gravity through a vertical column pro-
vided at successively lower levels therein with a
preferential desorption Zone, a heating zone, &
sealing gas removal zone, a cooling zone and a
separation zone, recirculating said adsorbent re-
moved from said separation zone into said pref-
erential desorption zone, introducing said gaseous
mixture into said separation zone, removing a

1)

1D

24)

(4™
(mb |

30

35

41)

HO

65

ik}

6b

2,539,008

16

zone, introducing part of the thus removed gas
into the bottom of said column for passage
through further quantities of adsorbent, remov-
ing rich gas from the bottom of said separation
zone, and employing the remaining part of said
rich gas product as a lift gas for conveying ad-
sorbent removed from the bottom of said column
to the top thereof.

12. A process according fo claim 11 wherein
sald adsorbent comprises activated vegetable
charcoal, saild stripping gas comprises steam, and
wherein said rich gas desorbed from said prefer-
ential desorption zone is treated for the removal
of stripping gas prior to its employment as lift
gas.

13. A process according to claim 11 wherein
sald adsorbent removed from said separation
zone is suspended in an upwardly flowing stream
of rich gas product, the suspension thus formed
is subsequently separated in a separation zone,
the thus conveyed adsorbent gravitates into said
preferential desorption zone and the lift gas is
recirculated to suspend further quantities of par-
tially stripped adsorbent.

14, In a continucus process for separation of
8 gaseous mixture by flowinz a moving bed of
granular adsorbent by gravity through a vertical

column, conveying adsorbent removed from the

pottom of said column to the top thereof, con-
tacting part of said moving bed with said gaseous
mixture to form a rich adsorbent, subsequently
heating and stripping adsorbed constituents from
said rich adsorkent forming a rich gas and a hot
lean adsorbent, then cooling said hot adsorbent
prior to contacting further quantities of said gas-
eous mixture, the improvement which comprises
flowing said moving bed of adsorbent by gravity
through said column containing a preferential
desorption zone, a heating zone, a seal gas removal
zone, a cooling zone, and an adsorption zone in
succession, passing a stripping gas through said
heating zone to desorb a rich gas, passing a purge
gas through said cooling zone, removing all of
sald purge gas and at least part of said stripping
gas as a seal gas from said seal gas removal zone,
and conveying adsorkent removed from the bot-
tom of said column to said preferential desorp-
fion zone in the top of said column in the presence
of a lift gas consisting essentially of a portion of
said rich gas desorbed from the partially stripped
adsorbent present in said preferential desorption
zone,

15. A process for separating a gaseous mix-
ture which comprises flowing a moving bed of
granular adsorbent successively through a pref-
erential desorption zone, a heating zone, a seal
gas removal zone, a cooling zone, an adsorption
zone, and a rectification zone by gravity and
then through a coenveyance zone back to said
preferential desorption zone, passing said gase-
ous mixture through said adsorption zone form-
ing a rich adsorbent and a substantially unad-
sorbed lean gas, subsequently contacting said
rich adsorbent in said rectification zone with a
first portion of a rich gas product containing con-
stituents of higher adsorbability forming a recti-
fled adsorbent, contacting said rectified adsorb-
ent with a second portion of said rich gas product
thereby conveying said rectified adsorbent from

lean gas from said separation zone, passing part 70 said rectification zone to said preferential de-

of said lean gas upwardly through said cooling

zone as & purge gas, introducing a stripping gas
into said column below said heating zone, re-
moving a rich gas containing said stripping gas

sorption zone, contacting said rectified adsorbent
therein with a preferentially adsorbed stripping
gas thereby desorbing a rich gas product leaving
8 partially stripped adsorbent, heating said par-

from a point above said preferential desorption 78 tially stripped adsorbent indirectly in said heat-
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ing zone in the presence of a stripping gas to
desorb remaining rich gas constituents leaving a
hot lean adsorbent, dividing the thus desorbed
rich gas into said first and second portions and

removing the remainder as a product, subsequent- -

-1y flowing sald lean adsorbent successively
through said seal gas removal zone and said
cooling zone, passing a portion of said lean gas
as a purge gas through said cooling zone in di-
rect countercurrent contact with said adsorbent
into said seal gas removal zone, passing a portion
of said stripping gas from said heating Zone into
said seal gas removal zone to combine with said
purge gas and form a seal gas, removing said
seal gas from said seal gas removal zone, sep-
arating stripping gas therefrom, and combining
the purge gas constituents remaining with said
lean gas.

16. A process for separating a gaseous mixture
which comprises passing a substantially compact
moving bed of solid granular adsorbent by grav-
ity successively through a desorption zone, a seal
gas removal zone, a cooling zone and a separation
zone containing an adsorption zone, recirculating
adsorbent removed from said separation zone to
said desorption zone in the presence of the more
readily adsorbable constituents of said gaseous
mixture, passing said gaseous mixture through
sald adsorption zone forming a rich adsorbent
and a substantially unadsorbed lean gas, heating
said rich adsorbent in said desorption zone while

contacting the heated rich adsorbent with a c6un-

tercurrent flow of stripping gas to desorb a rich
gas therefrom leaving a lean adsorbent, passing
said lean adsorbent through said seal gas removal
zone and through said cooling zZone, rassing a
portion of said lean gas through said cooling zone

18

ability from the combined adsorbent strea.ms
contacting said first stream with a part of sald

primary gas reflux to form a side cut gas product,
and desorbing a rich gas product from the com~
bined adsorbent streams.

23. A process according to claim 20 wherein

- sald gaseous mixture is contacted with said sec-
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countercurrent to said adsorbent, passing a por-

tion of said stripping gas from said desorption
zone concurrently with said adsorbent into said
seal gas removal Zone, combining said portion of
lean gas with said portion of stripping gas in said
‘seal gas removal zone to form sald seal gas, and
removing said seal gas therefrom.

17. A process according to claim 16 wherein
said moving bed of solid granular adsorbent com-
prises activated vegetable charcoal.

18. A process according to claim 16 wherein
said stripping gas comprises steam.

19, A process according to claim 16 wherein
said separation zone ecomprises an adsorption
zone and at least one rectification zone.

20. A process according to claim 16 wherein
said adsorbent passing through said cooling zone
into said separation zone is divided into a first
and a second separate stream for passage through

said separation zone as independent substantially

compact moving beds, and said streams of ad-
sorbent are withdrawn from said separation zone
and combined prior to being removed from the
bottom of said column,

21. A process according to claim 20 wherein
said gaseous mixture is contacted with said first
stream of adsorbent leaving an unadsorbed sec-
ondary - feed gas, subsequently contacting said
secondary feed gas with sa’d second stream of
adsorbent, removing a lean gas product from
said second stream, and desorbing remaining ad-
sorbed constituents as a rich gas product from
the combined adsorbent streams.

22. A process according to claim 20 wherein

sald gaseous mixture is contacted with said sec-
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ond stream of adsorbent leaving an unadsorbed

lean gas product, desorbing a primary reflux gas

containing constituents of intermediate adsorb-

79

ond stream of adsorbent leaving an unadsorbed
lean gas product, a primary reflux gas contain-
ing constituents of intermediate adsorbability is
desorbed from the combined streams of adsorb-
ent, said first stream is first contacted with a side
cut gas reflux to desorb a secondary reflux gas,
said second stream of adsorbent is contacted with
said secondary reflux gas, said first stream is
subsequently contacted with -a part of said pri-
mary gas reflux to form a side cut gas product,
and a rich gas product is desorbed from the com-
bined adsorbent streams.

24. A process according to claim 20 wherein
sald first and seccnd streams of granular ad-
sorbent are contacted in said separation zone with
separate streams of gaseous mixtures to be sep-
arated and said gaseous mixtures both contain
more readily adsorbable constituents to be pro-
duced as a single rich gas product.

29. A process according to claim 20 wherein
sald gaseous mixture is contacted with said first
stream of adsorbent leaving an unadsorbed gas,
subsequently contacting said unadsorbed gas with
said second stream. of adsorbent, removing a lean
ga,s product from said second stream, subsequent-
ly desorbing at least one side cut gas product
from sai@ second stream of adsorbent, and de-
sorbing remaining adsorbed constituents as a
rich gas product from the combined first and
second streams of adsorbent.

26. A process according to claim 20 wherein
said gaseous mixture is contacted with said first
stream of adsorbent leaving an unadsorbed gas,
subsequently contacting said unadsorbed gas with
said second stream of adsorbent, removing a lean
gas product comprising the less readily adsorb-'
able constituents of said gaseous mixture from
siad second stream. subsequently contacting said
second stream with a second side cut gas reflux
to desorb a first side cvt gas product, subseauently
contacting said second stream with a portion of
said primary reflux gas to desorb said second side
cut gas and desorbing remaining adsorbed con-
stituents as a rich gas product therefrom from
the combined first and second streams of ad-
sorbent. |

27. A process gecording to claim 26 wherein
said first and second streams of adsorbent are
each contacted with a portion of said primary
reflux gas prior to being combined into a single
stream of adsorbent.

28. An apparatus for separating a gaseous mix-
ture which comvorises a substantially vertical col-
umn vrovided at sunccessively lower levels there-
in with a preferential desorption section, a heat-
ing section, a seal gas removal section, a cooling
section, a seraration section and a secondary rec-
tification section at the bottom of said column,
means for introducing a gaseovs mixture into
sald sevaration section, means for removing a
substantially unadsorbed lean gas product from
said separation section, means for introducing a
stripping gas into said heating section, means for
passing a purge gas from said separation sec-
tion through said. coollng section into said seal
gas removal section, means for removing said
purge gas and part of said stripping gas as & seal
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gas from sald seal gas removal zone, means for REFERENCES CITED

removing more readily adsorbable constituents as The following references are of record in the

a rich gas product from said preferential desorp- file of this patent:

tion section, means for recirculating at least a | |

mrtion of said rich gas product desorbed in said 5 UNITED STATES PATENTS

preferential desorption zone by said siripping Number Name Date

gas from the top of said column to the bottom 1,422,007 SoddY e July 4, 1922

thereof, and means for conveying rectified ad- 1,825 707 Wagner, Jr, ceeo._._ Oct. 6, 1931

sorbent removed from the bottom of said column 1,836,301 Bechthold . Dec. 15, 1931

to the top thereof in the presence of said rich 10 2351214 Kaufman et al. .__._ June 13, 1944

gas product, 2,379,195 Simpson et al. —____._ June 26, 1945
CLYDE H. O. BERG. 2,384,311 Kearby —o.o._——_.__ Sept. 4, 1945
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